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(A Multiple Branching Algorithm of Contour Triangulation
by Cascading Double Branching Method)
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Abstract This paper addresses a new triangulation method for constructing surface mode! from
a set of wire-frame contours. The most important problem of contour triangulation is the branching
problem, and we provide a new solution for the double branching problem, which occurs frequently
in real data. The multiple branching problem is treated as a set of double branchings and an algorithm
based on contour merging is developed. Our double branching algorithm is based on partitioning of
root contour by Toussiant’s polygon triangulation algorithm{14]. Our double branching algorithm
produces quite natural surface model even if the branch contours are very complicate in shape. We
treat the multiple branching problem as a problem of coarse section sampling in z-direction, and
provide a new multiple branching algorithm which iteratively merge a pair of branch contours using
imaginary interpolating contours. Our method is a natural and systematic solution for the general
branching problem of contour triangulation. The result shows that our method works well even though
there are many complicated branches in the object.
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OlF T «Ch(ch ey ) FoFE W, B B
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gL 3 M Fad AHe 18 39 HAm gl
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ge ® FANe) 28Ae] Ak go] Bk,

42 3l8  CtdE(Channel  Polygon)2Z5E
T-axis£&
HEgozRy BIAHLE P whHe o8 Jlx

1EEE &Y F UAT, e ZH(skeleton)o]
W F%E(medial axis){16]°] 71 AR} Fz71 @
tf B =EdME Y9 ZTHOE T-skeletond A9
stk o8 7317] Y8 WA SEE Toussainto] A
ket dAE B8 dueE(14] & o|8ste e 2g
gich o] ¢318]Z(sleeve-searching algorithm)& e}
7 BA&SA ke "endye JAEg &3 &y
AR daugEoe s vty deo EJwr} A4Eg
o AERE G vie FadFo|th o] Ym
AZ9 ABEATE ox(1+: )W, n& HAH 48
YelgZ, «, £ 28" A5 o= 3 ¥Wx o
Zyeol do] opd Ay & duigtt. F 7t
ay agE 53R gage] Heul, dutdoz wy

I8 49 Zo] vmA dd e} HEg o &
el oIF &Y FELGLE AARZ A9 MP¥A
of g} 18 59 9FL2 ojHF HEoE Y
AAEE & ARE, o] A%E =0 otk Yo
5, e, o FHAANARE e, A dEFH
AAME AH(F Al 474 UE EXXM 43
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1Y 5 T-skeleton®} &

partitioning line

a3 6 2 FXA £Y

e 48 4FEE P 2FHo] YehA Hu
o]Z T-skeletono]#} o3tk 1 5& AP 44
E& 3131 o] 0]88ly T-skeleton® Fsl= & 1}
ez gled], ol& o83t 2 &4(partitioning line)

4.3 2 SxIMe| 28

T-skeleteno] F3AA ©o|& o|&3te 19 69 &
o] B SXA ¢t o #FAHAE 73l T-skeletend] &
AE FoA B 5HA ¥ e FHEL UA
A, YR AH A FEd = Y A
71‘3?5} BAHE B FAMAA ZFozx Bddo] BHE
o7t} o] gAML ® FXA ¢t & F A9 RE
A4 oL o, E B HY, 2F LUy o)F
7 BA«h. L erwrt T ddiE
ACk),(CH B (S (P EAR S E U
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a8 7L olFEY] ¢SS HoFy 9o

Theorem 1: €I &l& Double_Branching® A7t
AEE O((n+n)1+t,+n)) otk ol won, R n, &
2zt T AAFTAN B 2 FAMe ZH oy,
© Toussiant?] %}..LE]"‘QIH o 3 He C}Z}E‘«}
de] obd HAEe 5 onsi

Procedure Double_Branching
Input: A root contour ¢! at level z, and its two
branch contour c**!
and ¢!t at level z.,.

Qutput: Two single branchings: <«(ct).(¢#Ys  and
{Che), (CH D>,
Begin

[1] Find the channel polygon.
[2] Find the T-skeleton of the channel polygon.
[2.1] Triangulate the channel polygon using the
Toussiant’s algorithm.
[22] Extract T-skeleton from the triangulation
result.
[3] Remove exterior vertices in T skeleton.

] Find the closest vertices of the root contour from
the two end point of the T-skeleton. The
resulting vertices chain is the Partition line.

[5] Using the partitioning line, divide the root contour
C! into two sub_contours ¢% and C%,.

[6] Determine the single branchings: <(c%),(C**?> and
LT (CF .

[7] Return <(Ci).(CH™y and <(Ch).(CHYs.
End
a9 7 olFRY] e
Proof: @& ozge 227 AE}=s
omeld, 5 dEtiziae) e BEgae 7 get
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o] dmTY FHe BY Mg WS A 225
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A71& Fohe Aol FAshs FHo| wygsiA @
et=d gt 28 dutdon SHLe eyt dast
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5 0 &7

AT AFT kel o] ErEAE ¥ &
ZAtole] Aol Aag WA FHed, A4 S5
Aol 7L qREL] B0 olF 719 ez o}
ehlAg EAe] 7o HlEte] GFAlo]9 7HFo] &
Aeede dF 2717t A4 1Al Relaoh a9 8
o A, w9 FXA ¢t o] dd 2,9 409
AR QB OF BU) «(Che, Loyt
st ed, w28 2,09 FEEE s A
o ©F AEYo] o|FojFuatE el He
A o] A TBFEII}F obd 49 zAH009
OIFETL  (CH.ACH, o 25 2 At0]9)
F 9 olF 7] (et o sk i,
(. oty BAZE gk B =89 uF By ¢19
2 olEg 1o AT dFEVIZF AT A%
(¥ 8), 2 AR 71X BAA Alold] g v
& Fol thF RVIEAE oFHIIRARE dedTe

Rolth

27 3 TOFEEANS MR

E FAA ¢t o] 98 o NAY TAMR w
22 dZ=o} ot HAEI, BSeACHE C o)A
E718e 7EXSA9 APelgtn a2l AA  Bsech
AARE B & 4o XM (¢, g Sl
ol WY 3o FNA g T gl AlolojA
BEo] o|FEI] <(CF(CHL G E S, =
FAdAAE o b o g o ol AF ddE
Bzt golxq, il 7Mde XA citegd BHoZ
dAEooF P} oA BsAchINE 9 cE
W W A e FUkEe Zo) Hu, mEly £7)
o] A48 1 Z2AFA "t o] BAL psachH
A A7 27  WAR Ag FPsE ZE A
SAAEL 713 @d e FX40) o)FEIE
F5He2 AAEA o F 9% 2UEA7 dsd
OJFEVIFAR deslHE Aotk o3 Fauhye
JAFTEHTRE Qe AVEd e AUFHA Exd)
&l we AALYA HLo] HY, gFRI) BL
T ul¢ AW FW-g 9E 5 A gk AYR wy
S8 GFEINE Hdhe F, BseACHANMREH ¥
AL A& Hgste A9 7o XL v=e
W0l F8% Aol Hoh

5.1 Yt SXIM #(merging contour pair)Q] AMEef

N E718A «eh.e, ..o 7t FRE ),
w3 SAA M(merging contour pair)yg AHSteus
nC2 -n-1C2 - - -2C2 71X 9 Wyo] e, TXA
o] 2l¢] e FUAHY} gloma HAs Farge
ALgste] AT Ae ddgsidol i dg B9 s
SANY HAL FHxskehe W¥goz A FXA
A& AdY3te A= shte] sigwgeint. ey o] 3
- 7kX BAAE 2ol AU 890 nHHA P
F% k. 92 £ 29 99 (a)9] AL M EXA
o BAE Az AAME (o, Y (G.cpET
€ 9ol & (¢, c)E HASNoF ARG o] AL
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9 9 0 FR719 7 SAHE
¢ FAd2eE ®Re] wEd AA ok 2 =&d

Me B% SAAE 2R A v A kA
A £9 2218 AsiAh

L AYHeE shhe SAYEL WA Gl
Bk 7HA $AAE0] 2 Fel EE FPo] HASH
o, Tbke A4S WA e Rol AT Aol

o €& ol 28 99 b)el B (¢, (¢,
-‘i'-‘:}% HAo} AL (. cHE WHs= Ao] Foh
. e FXAE JPES @ WA gsielop gt

1% 99 (@9 A (¢ FHES (C.opERT
= 7Wto]l AL WAl Aoz FL (G, E
A Hist olAE oF ke Aol Fo ol
7H SARL 2718 THed & 124 = A3t
At

3. 18 29 = ¥Wxd AL, F FXM9
MER(Minimum Enclosing Rectangle)o] AALZE o)
7 WA Frsloor stk of AL wHEY Ae
7139 549 FHE AZBIAY A Y Fds
A = &9 Jdok 29 99 (d)9 B (6.0F
A4 Wishe Ao (6, RETE #dE Mgy Bt
(interpolating) $X4& & 4 Utk

ol nAERE WY TAM #& AR A
o3 Zo] A FXA closest contour pair)&
st

Definition 1: c¢¢ 9 7AEX49
BSe{CH={C,,Cy,...,Ca} ©1EFT & o,

oontoid Cir € = MIN(d ponroia i

e

C)), 0<E(N, 0<KN, k+l,

& W3 (6,005 9FH X4 #closest contour
pair)gt Btk OlW d.../(C.CHE F FAMNY FAF
] Aol N& F 7HATAAY 7ol

& =& olgt Zol HoH UF XA AS

AL 443 9F 2y dnYE 129

ol HEIAEY, olAL oA nFH A 1A A
& 2UE UEAIY, dAZ GFS 714 didy
AP A7 £ A& el

gutdo R NF #7189 3% N-27/19 7MW B 5
Aol A7)ed, WY FAME ddle £ wat
HT SXAHEC] 2 73 #dd g % U3, o
2 @i & = Sl olag APt dde] e 2
2 log,No]X At N-27} Bl 23 102 4F BUE
AEAL ojFEVIE HIseE F /KA WS BRAF
o, X449 F4E IF3 aYy=E By Y=
(branch graph)zt #ch(e|Z& F4 E=FH7 ofY
I g2e AoljZo] ESAGEE Lot X 1Y
I 2L M2 WY A 239 7S Edo] 4oy,

2Z3 e £4Z ¥dEe Afde shie s
gz 45 7§ HEE ¢+ Jdo o] Woz sl
FAAE ARzt ¢nEEY AT EREE o
tl, X4 4 Neo| gntzoz o Zolmz HA
8 A7 2AI” "hsith

C{r‘l CIOI ;fl ;\‘I

a4 10 43 £719) B¥§

7Hate] B XX (interpolating contour)®] &
the9] 202 Aol gt

th( C*, C*
depth( C*, CEED)

k+1

2e=zb+ (- 2D

2zl A (HE Ahel
1743 74 52449 Ao

ole, deptn(Ct.CHE F B
o, depth(CH, ChiHE B X
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Procedure Interpolating_Contour

Input’ A merging contour pair ¢, and C..

Output: An interpolating contour which branches ¢, and
C,..

Begin
[1] Compute convex hull of the merging contours, C,

and c,.

[21 f there are two common supporting
segments(bridge), then construct the interpolating
contour using the bridges and outer chains of c,
and C,.

[3] Else find the handle and construct the
interpolating contour using the handle and outer
chain of ¢, (or c,).

[4] Return the interpolating contour.

End

I8 11 B3F XN A ¢xn8E

Theorem 2: ¥1&Z& Interpolating_Contourd] A
Zt EREE Ona+n) Otk ol », 2 4, = Zt7}
C. & ¢ 9 BHY Aol

Proof: Theorem 1¢l]A] £ u}g} go] & Gt} y
9 Fol EEZA A A BAEE O(n,+n,) 0=
2 Step 12 A¥ Azikel A7t Aok Step 29
Step 3= EEZAS HAH vl At g

T don, EEZAY HH MFEE n,+n, oI5
22 o] #F9 ANERE HAA On,+a,)0lth wEhA
gngEe] A ARBIEE on,+n,) 00T
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Theorem 3: ¢38l% Multiple_Branching& A7}
ERZ ov+ Mol NZ B71BAS N-271¢] o) &2
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Proof: Step 12 45A7bell XA} Step 2.1
ool HEEH, Step 232 Theorem 29 213
Oln, +n)roll X Eh Step 2.3 L 24 AFEA7H)
A2 551, While $27} N-2 ¥l 8522 Step 2 A
A Azt BREE Ao A9 oM+ Mmolth. Step
3 AR, Step 45 ovm Rl Ay} ®oh whet
M gaElEe] A Az BEREE oN + Maolth

duFor PU)HE FXH9 Aee TN FH

Procedure Multiple~Branching
Input: A root contour c¢* at level z, and »
contours
(I, ....ch™" of ¢t at level 2.
Output: A list of double branching S,.
Begin
[13 Initialization: BSe(C%H < {C*,....Ck'Y), S; «— O.
[2] While the number of the contours in BSetch > 2,
Do:
[21] Find the merging contour pair
BSet(C}).
[2.2] Generate an interpolating contour ¢** using
the procedure Interpolating_Contour.
[2.3] Insert the double branching <(c**®.(c. C)>
into S,.
{2.4] Replace (c;,C) in BSexCH with ct*e.
End while.
[3] Insert the double branching <(¢%.(C,,Cy)> into S,
[4] Set level of all the imaginary interpolating
contours.
(5] Return s,.
End

branch

(C,,C) in
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Num. | Num. Num.
Data gﬁlm Vertex | Vertex Tgur‘:’l.le E&fgﬁ Multiple
CES| (original) | (model) ang org(mod) Branch
Double 6 506 600 987 2 0
multiple3| 4 399 498 784 0(2) 1(3%)
multipled| 5 310 617 1022 04 16%)
hip 14 964 976 1747 1 0
lung 34 3120 3173 5927 5 0
a9 19 A9 blolet
7.4 8
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